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Introduction
A wide range of acquired and congenital conditions can lead to dilation of the renal collecting system. Uretero-pelvic junction (UPJ) stenosis is the most common cause of hydronephrosis in the pediatric population, with a prevalence between 1:750 and 1:1,500, and a male to female ratio of 2:1.
1,2 Impaired transmission of the peristaltic waves due to abnormal development of the smooth muscles and connective tissue, intraureteral valves and polyps are intrinsic reasons for obstruction. 3, 4 Crossing vessels (CVs), adhesions around the UPJ and kinking of the proximal ureter are among the extrinsic factors. 2 Furthermore, infections, stones and iatrogenic trauma can also deteriorate the urinary outflow from the renal pelvis.
Lower pole CVs are reported in 11-15% of young and up to 58% of older symptomatic children with hydronephrosis. 5, 6 In adults, CVs are present intraoperatively in 39-71% of all patients operated on due to UPJ obstruction. 2 It is still unclear whether these vessels can be the sole reason for obstruction or if this entity coexists with the intrinsic pathology.
Dismembered pyeloplasty, described by Kuster and popularized by Anderson and Hynes, is the gold standard surgical treatment for UPJ stenosis. 7 Laparoscopic pyeloplasty (LP) was first performed in 1993 in adults and in 1995 in children, and over the years, it has almost replaced the open technique in both groups. [8] [9] [10] Nowadays, LP can also be safely done in very young children. 3, 11 When CVs are found during surgery, additional maneuvers are performed to keep the vessels away from the UPJ. However, there is no consensus on how to deal with this finding and the operating surgeon usually makes the final decision intraoperatively.
The goal of the study it to assess the outcome of laparoscopic dismembered pyeloplasty with translocation of the CVs in children and adults.
Material and methods

Patients
A retrospective analysis of the prospectively collected data from 3 departments -2 pediatric urology centers and 1 department of urology -was conducted. Inclusion criteria were as follows: 1) a transperitoneal laparoscopic approach without conversion in all patients; 2) dismembered Anderson-Hynes pyeloplasty in all patients; and 3) the same operating pediatric urologist (RC) for children or urologist (TS) for adults, each using one method for CVs management. Children with CVs (group 1A) and adults with CVs (group 2A) were selected. The control groups consisted of the remaining patients without CVs: group 1B -children and group 2B -adults.
Clinical symptoms of obstruction (pain, hypertension), worsening of hydronephrosis on repeated ultrasounds, and renal function impairment revealed on the diuretic renography (DR) are the indications for surgical treatment according to the existing recommendations. 12 In some centers, a cumulative curve with a prolonged half-time to tracer clearance (T1/2 > 20 min) and an excretory urography (IVP) are also used to confirm the diagnosis. 2, 13 In this study, the follow-up was longer than 12 months for all patients (range: 1-9 years). In children, the first ultrasound after pyeloplasty was done 4-6 weeks after removal of the double J catheter (JJC) and then at 3-6-month intervals. A DR was done only in selected cases: symptomatic patients and/or increased dilation on ultrasound. In adults, the first ultrasound and DR are performed 6 weeks after removal of the JJC and then 1 year later.
Complications were classified according to Clavien-Dindo criteria.
14 A short-term complication is defined as any unsolicited event before the JJC removal. Special attention was paid to any temporary diversion or secondary procedure due to persistent UPJ obstruction after JJC removal, which was classified as a late-term complication. Fisher's exact test was used for the statistical analysis.
Surgical technique Children
Diagnostic cystoscopy and antegrade pyelography are done first and a Foley catheter is left in the bladder. Antegrade pyelography was performed for 2 reasons: to assess the distal part of the ipsilateral ureter and to measure the length of the ureter from the orifice to the UPJ. As the JJC is introduced in the antegrade manner and the length of the ureter in children varies from 12 to 26 cm, it is important to estimate the proper length of the stent beforehand. The patient is turned in the supine position with a 30° elevation of the affected site. The first trocar is put in the umbilicus in the open manner. A pneumoperitoneum is created and then 2 working trocars are introduced under direct visual control. The pressure is between 8 mm Hg and 12 mm Hg, depending on the age. For the right-sided pyeloplasty, the colon is mobilized and for the left-sided one, a transmesocolic approach is preferred. The renal pelvis and the proximal ureter are exposed and isolated. Crossing vessels are looked for. After transection of the renal pelvis 1 cm above the UPJ, the narrow part of the ureter is excised and the proximal ureter is spatulated. The posterior wall of the anastomosis is done with interrupted 5-0 sutures (polyglactin). Then, a JJC catheter (4.0 of 4.7 Fr) is placed percutaneously and finally the anastomosis is completed. The Foley catheter is removed on the 1 st day and the JJC 3 weeks later.
Adults
The main steps of the procedure are similar in adults, although a 5 or 7 Fr JJC are put in a retrograde manner during cystoscopy if technically possible. In a 45% supine position, the first 10 mm trocar for the camera is put just below the umbilicus. Then, a pneumoperitoneum to 12 mm Hg is created and the other working 5 mm working trocars are inserted. A transmesocolic approach on the left side is used in non-obese patients. During mobilization of the renal pelvis and the proximal ureter, the CVs are looked for. Then, the pelvis wall is transected diagonally from the medial to the lateral edge. Next, the UPJ and the upper part of the ureter are incised downward laterally over the length of 1.5 cm and the stenotic part is resected. The anastomosis between the pelvis and the spatulated ureter is performed with 4-0 sutures. A wound drain is left next to the anastomosis and removed 3 days after the procedure. The Foley catheter is retrieved after 2 days and the JJC 4-6 weeks postoperatively.
Crossing vessels management
Dorsal transposition of the CVs is performed in children ( Fig. 1,2 ). In adults, cephalad translocation is done. For this maneuver, the crossing vein is ligated and transected, and the crossing artery is fixed using 2 or 3-0 absorbable sutures to the Gerota fascia. The sutures with perivascular tissue are applied to preserve the arcuate run of the artery and to avoid postoperative arterial hypertension (Fig. 3,4) .
Results
In all, 76 consecutive LPs in children and 71 LPs in adults were analyzed. Forty-eight children and 41 adults met the inclusion criteria. The mean age was 9.9 years (mode -5.1 years, range: 3.0-17.7 years) and 35.5 years (mode -30.5 years, range: 18-72 years), respectively. The mean follow-up was 4.2 years (range: 1-9 years) for children and 2.6 years (range: 1-4 years) for adults. Twenty-eight children and 12 adults had CVs. The patients' characteristics are presented in Table 1 . The mean operative time was 150 min in children and 161 min in adults ( Table 2) . Complications occurred in 8 (16.6%) pediatric patients. Three patients needed reinterventions due to persistent UPJ obstruction over the long-term. Endopyelotomy was performed in all of these patients and 1 of them required a redo pyeloplasty due to failure of the endoscopic procedure. Two of those 3 patients had CVs. One patient, with chronic abdominal pain and moderate dilation, temporarily received a JJC 5 years after pyeloplasty to exclude UPJ obstruction (Table 3) .
There were 7 (17%) complications in the adult group. Four patients needed the JJC changed under local anesthesia over the short-term. In 1 patient, prolonged bleeding from the wound required surgical exploration. None of those patients needed a secondary procedure on the UPJ. Two patients needed surgical reintervention due to persistent UPJ obstruction over the long-term (endopyelotomy). One of them had CVs. The mean time to the second surgical treatment was 5.33 months in children and 34.5 months in adults (p = 0.29). In patients with CVs, it was 3 months vs 25 months, respectively. The overall success rate over the long-term was 92.9% in patients after LP with dorsal transposition of the CVs (group 1A) vs 91.7% in patients after LP with cephalad translocation (group 2A) (Table 4) .
Discussion
Ureteropelvic junction obstruction is the most common congenital abnormality of the ureter that leads to hydronephrosis, which has a wide spectrum of signs and symptoms. Nowadays, hydronephrosis is usually diagnosed during antenatal screening, but only 10-25% of these patients need surgical treatment -referred to as a pyeloplasty. 1 The main goal of the treatment is to relieve the symptoms and to protect the affected kidney from damage and loss of function.
A few epidemiological discrepancies between our cohort and the data from the literature were found. The CVs were identified only in 29% of adult patients, which is a rather low prevalence, compared to 39-71%, as published by Leavitt et al. 15 Furthermore, the CVs were more common in adult female patients (68.3%) and on the right side, while other authors claim the CVs present more often in men and on the left side. 1, 15 The characteristics of our pediatric population have comparable distribution to the other series. [16] [17] [18] We analyzed the consecutive procedures performed by 2 experienced laparoscopic surgeons employing CVs -crossing vessels. the transperitoneal approach, which theoretically should minimize the risk that the CVs were overlooked. Dismembered pyeloplasty with excision of the UPJ region, as proposed by Kusters and modified by Anderson and Hynes, has become the gold standard procedure for treating UPJ stenosis. Non-dismembered methods (Fenger, Foley, Y-V, Culp and DeWeerd's, Scardino and Prince), as well as endoscopic endopyelotomy, have also been developed, but they were found to be less effective. 19 The laparoscopic technique was introduced in adults in 1993 and 2 years afterwards in children. Over time, it has been proven to be at least as effective as the open technique, providing less morbidity, shorter postoperative hospital stays and better cosmetic outcomes. 20, 21 Transperitoneal and retroperitoneal approaches have similar outcomes and are used depending on the urologist's preferences. 17 In our cohort, 5% of adult patients and 6% of children needed secondary intervention on the UPJ after transperitoneal dismembered LP, which is comparable with the other series, as published by Seixas-Mikelus et al. 18 Intrinsic stenosis is the most common underlying pathology leading to obstruction. Extrinsic factors (e.g., CVs) can also play a role, but to this day, it is not clear if the CVs are the sole factor causing obstruction. This implies that there is no consensus on how to deal with this intraoperative finding. Dismembered pyeloplasty with dorsal transposition of the CVs is one of the options. 22, 23 However, since Hellström first described the "vascular hitch" in 1949, many surgeons prefer this method in adults and children. [24] [25] [26] [27] [28] Simforoosh et al. published his experience with cephalad translocation of the CVs in children and adults with good outcomes in more than 90% of cases. 16, 29 Blanc et al. showed a 95% success rate for retroperitoneal LP with posterior transposition in pediatric patients. 30 We had a similar success rate of posterior transposition in children and cephalad translocation in adults using the transperitoneal approach.
In our cohort, all patients had an Anderson-Hynes type dismembered pyeloplasty using the same approach and we believe that it is the strongest point of our research. An additional maneuver was used to fix the CVs. The CVs were translocated in different ways but in the same manner in each age group by the same surgeon. No statistically significant differences were found between groups with and without CVs in children and adults. We observed a similarly low number of secondary interventions due to persistent UPJ obstruction after LP with dorsal transposition in children and cephalad translocation in adults. Our analysis revealed shorter time to reintervention after failed LP in children. We cannot explain this phenomenon but it could be related, on the one hand, to more reliable follow-up in children, and, on the other hand, a tendency to postpone the reintervention with an attempt to solve a problem with an internal diversion using a JJC in adults.
The mean operative time was similar in all groups -150 min in children and 160 min in adults -indicating that in experienced hands, the additional maneuvers to handle the CVs do not hinder the procedure. The operative time of LP in pediatric patients varies depending on the series. Blanc et al. published his experience with retroperitoneal LP and the mean duration was 185 min (range: 160-235 min). 30 The operative time using the transperitoneal approach presented by van der Toorn et al. was 177 min (range: 115-324 min). 31 Transposition of the CVs was done for adults, but the authors did not differentiate between patients with and without CVs. In our series, the mean operation time is comparable to this data. Furthermore, the additional maneuver to fix the crossing vessels does not significantly prolong the surgery.
The obvious limitation of our paper is the low number of patients. We are also aware that there are many factors that can influence the final outcome of a pyeloplasty: the method, the approach and the technique, as well as the manner of suturing and stenting. Furthermore, comparison of a different surgical technique in the different age groups could be confusing and is statistically not justified. To minimize the bias in both groups, only patients who had the Anderson-Hynes procedure done by the same surgeon and using the transperitoneal approach were selected. In case of CVs, an additional maneuver was used to fix the problem. The results have been assessed in relation to the those who had no CVs -in the pediatric or the adult population, respectively. Hence, we compare the outcome of the dismembered pyeloplasty with transposition of the CV done in a slightly different manner.
We can conclude that LP combined with cephalad translocation, as compared to with dorsal transposition, provide the same results as LP alone when no CVs are present. Another limitation of our study involves the diagnostic and follow-up protocols, which are not the same in children and adults. However, only 1 protocol was consistently used in each group. Finally, the Clavien-Dindo classification may be misleading when used for the pediatric and adult populations. Similar complications that are solved in a comparable manner have a different grade of severity because of the need for general anesthesia (e.g., to insert/ change a JJC) in children.
Conclusions
Crossing vessels should be meticulously looked for during pyeloplasty in older children and adults. Dismembered LP with dorsal transposition or cephalad translocation are comparable methods in terms of success rate for treatment of UPJ obstruction in those patients.
